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LUPINS IN WESTERN AUSTRALIA 
4. COMPOSITION AND FEEDING VALUE OF THE SEEDS 
By J. S. GLADSTONES, Department of Agronomy, Institute of Agriculture, University of Western Australia. 
PREVIOUS articles in this series have discussed the varieties of lupin available in Western 
Australia, and their cultivation. This article deals with the composition and feeding 
value of the seeds. 
Gross composition of lupin seeds 
Average composition figures for Western 
Australian samples of the different kinds 
of lupin seed are given in Table 1, to-
gether with comparable values for other 
vegetable protein sources. 
Figures are included for the composition 
of lupin germ meal, which would be ob-
tained by separating the seed coats from 
the germ.* Seed coat makes up a vari-
able proportion of total seed weight, from 
about 25 per cent, in L. luteus (yellow 
lupin) down to about 15 per cent, in the 
larger-seeded L. albus (white lupin). It 
contains practically all the fibre in the 
seed, and none of the protein. For cal-
culation of the germ meal composition, 
about 85 per cent, separation of the seed 
coats is assumed, which should be attain-
able in normal milling. 
All lupin species have high crude pro-
tein contents in the whole seeds, especially 
L. luteus and L. albus. The levels are 
higher than in the seeds of most grain 
legumes, such as peas, beans and vetches, 
but are lower than in most oilseed meals, 
which are the main present source of 
vegetable proteins in concentrated stock 
rations. On the other hand, lupin germ 
meals equal or surpass all the commoner 
oilseed meals other than peanut and soy-
bean meals. 
All lupin species have appreciable oil 
contents. L. albus is especially rich in 
this respect. Such oil contents contribute 
significantly to raising the energy value 
of lupin seeds, although they may place 
an upper limit on the amount that can 
safely be used in pig feeding, because of 
the possibility of causing soft fat. 
Crude fibre contents of the whole seeds 
are relatively high, although those of L. 
angustifolius and especially L. albus are 
somewhat lower than in the other two 
species. The differences appear to be due 
mainly to differences in the proportions 
of seed coat. For feeding situations where 
a high fibre content is undesirable, it may 
be better to use the germ meals, which 
have fibre contents substantially lower in 
fact than those of competing oilseed cakes 
and meals. 
Digestibility of lupin seed meal 
Numerous digestibility trials were un-
dertaken in Germany during the 1930s, 
using crushed whole seed of the then new 
sweet varieties of L. luteus and L. angusti-
folius, and a variety of test animals, 
including man. The results have been 
summarised by Hackbarth and Husfeld,1 
and are shown in Table 2, together with 
limited later results from German and 
English trials. 
The crude protein of lupin seed has been 
found to be highly digestible for all types 
of animal, especially that of L. luteus. 
Only one experiment has been reported for 
* The germ comprises, In the case of lupins, the whole of the seed apart from seed coat. Lupin germ meal is 
analogous to split pea or lentil meal. 
> Hackbarth, J. and Husfleld, B. (1939)—"Die Sussluplne". (Paul Parey: Berlin.) 
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Table 1.—Composition of lupin seed and germ meals 
—average values for Western Austral ian samples, w i th comparative values for other vegetable protein food-
stuffs. 
Species o r foodstuffs 
L. cosentini (Sandplain lupin) .... 
L luteus (Yellow lupin) 
L. angustifolius (Narrow-leafed 
lupin) 
L albus (Wh i te lupin) 
Other feeds3— 
Peas 
Vetches 
Soybean meal4 
Peanut meal 
Cottonseed cake 
Cottonseed cake 
Linseed cake 
Sunflower seed meal 
Rapeseed meal 
Form 
Whole seeds 
Germ meal2 
Whole seeds 
Germ meal 
Who le seeds 
Germ meal 
Who le seeds 
Germ meal 
Who le seeds 
Who le seeds 
Solvent extracted 
Decorticated, extracted 
Decorticated, expressed .... 
Undecorticated, expressed .... 
Expressed 
Decorticated, extracted 
Extracted 
Average 
Crude 
protein 
34 
42 
42 
52 
34 
41 
40 
46 
26 
30 
50 
55 
46 
26 
35 
42 
41 
composition (percentage, moisture-free 
Oi l 
(ether 
extract) 
4 
5 
5 
6 
5 
6 
9 
10 
2 
2 
2 
1 
9 
6 
8 
1 
3 
basis) 
Crude 
fibre 
18 
3 
17 
3 
15 
3 
I I 
2 
6 
7 
6 
9 
9 
24 
10 
18 
10 
N-free 
extract1 
41 
46 
32 
34 
43 
46 
36 
38 
62 
57 
36 
29 
30 
37 
40 
31 
37 
Ash 
3 
4 
4 
5 
3 
4 
3 
4 
3 
4 
6 
6 
7 
7 
5 
7 
a 
1
 N-free extract approximates to the carbohydrates other than in the crude fibre fraction. 
2
 Calculated on the basis of approximately 85 per cent separation of the seed coats. 
3
 After R. E. Evans (1960)—"Rations for Livestock" (British Ministry of Agriculture, H.M.S.O. : London). 
4
 Forty-five per cent protein, air dry. Some commercial soybean meals have 50 per cent protein, air dry basis, but Evans 
gives no analysis for these. 
Table 2.—Percentage digestibility of lupin seed constituents 
—resu l ts for L. futeus and L. angustifolius, af ter Hackbarth and Husfeld (1939)1 and other authors. 
Test animal 
Ruminants 
Ruminants2 ... 
Horse .. 
Pig 
Chicken 
Pigeon 
Fish (carp)a ... 
Man 
L. luteus (yellow lupin) L. angustifolius (narrow-leafed lupin) 
Crude 
protein 
92 
90 
94 
93 
89 
94 
95 
88 
O i l 
(ether 
extract) 
85 
84 
54 
98 
84 
51 
Crude 
f ibre 
76 
91 
84 
26 
23 
3 
83 
N-free 
extract 
79 
76 
69 
84 
I03 
7 
88 
Crude 
protein 
88 
89 
88 
82 
98 
Oi l 
(ether 
extract) 
93 
81 
52 
85 
Crude 
fibre 
83 
98 
55 
90 
N-free 
extract 
86 
77 
91 
l i . Hackbarth and B. Husfeld (1939)—"Die Susslupine". (Paul Parey : Berlin). 
2
 Calculated after R. E. Evans (1960)—"Rations for Livestock". (H.M.S.O. : London). 
3
 Calculated after J. Hackbarth and H.-J. Troll (1960)—"Aubau und Verwertung von Susslupinen" 
furt-on-Main.) 
(DLG-Vereag : Frank-
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L. albus, which showed 94 per cent, diges-
tibility of the protein by pigs. An un-
published local experiment by Underwood, 
with seed of L. eosentini (sandplain lupin), 
gave a similar figure of 93 per cent, pro-
tein digestibility by rats. Thus lupin seed 
protein compares favourably for digesti-
bility with other concentrated vegetable 
proteins. 
Digestibility of the oil (ether extract) 
has also been found to be high. The lower 
figure for digestion by pigs and man is 
common to most vegetable oils. 
Results for digestion of the crude fibre 
are of considerable interest. As with vege-
table fibres generally, lupin seed fibre is 
almost completely undigested by birds. On 
the other hand its digestibility for rumin-
ants is unusually high. The high digesti-
Table 3.—Starch equivalents ' of foodstuffs for 
ruminants 
-af ter Evans (1960), recalculated to moisture-free 
basis. 
Feedstuff (seed, meal, or cafe) 
Yellow lupin L. luteus 
Narrow-leafed lupin L angustifolius 
Peas 
Vetches 
Soybean meal2 
Peanut meal 
Cottonseed cake (decorticated) 
„ „ (undecorticated) 
Linseed cake 
Sunflower seed meal (decorticated) .... 
Rapeseed meal 
Wheat 
Barley 
Oats 
Rye 
Maize 
Sorghum 
Fish meal 
Meat and bone meal (50% protein) .... 
Starch 
Equivalents 
81 
83 
80 
81 
72 
65 
76 
47 
76 
59 
60 
83 
83 
68 
83 
89 
83 
68 
75 
' A measure of the energy-supplying value of a feedstuff, 
on the basis of pure starch — 100. 
* Throughout, the term "meal" is used to refer to solvent 
extracted meals, having residual oil contents of only 1-3 
per cent. "Cakes" are the residues after pressure-expres-
sion of oil, and normally contain 6-9 per cent residual oil. 
bility of the fibre for carp is undoubtedly 
due to their ruminant-like digestive 
system. 
The high fibre digestibility and appre-
ciable oil content of lupin seeds makes 
them overall an excellent source of energy 
for ruminants—better than most other 
concentrated vegetable protein sources, 
and equal to all cereal grains except maize 
(Table 3). 
For pigs, the crude fibre of lupin seeds 
is partly digestible, but actual figures from 
experiments have been variable. Early 
German experiments with pigs indicated a 
comparatively low digestibility, ranging 
from 26 to 55 per cent., whereas more re-
cent South African work has suggested a 
figure of over 80 per cent.1 In spite of 
this variability, it is clear that lupin seed 
fibre makes a useful contribution to avail-
able energy in pig rations. Consequently, 
dehulling of the seed is probably not war-
ranted in this case. 
Digestibility of the nitrogen-free extract 
(the carbohydrate fractions other than 
the crude fibre) of lupin seed has been 
found to be similar to that reported for 
other high-protein vegetable sources, for 
ruminants, horses, pigs and man. This is 
slightly lower than for most cereals. For 
birds, on the other hand, there is some 
evidence that digestibility of the N-free 
extract is unusually low, at least for yellow 
lupin. Hackbarth and Husfeld give figures 
from two sets of trials of only 10 and 7 per 
cent, for chickens and pigeons respectively. 
Unfortunately little is yet known about the 
storage of carbohydrates in lupin seed, but 
if these results are typical, they suggest 
that it may principally be in forms not 
digestible by chickens. This point needs 
needs further investigation. No data are 
available for lupin species other than 
L. luteus. 
Quality of lupin protein 
The quality of protein for non-ruminant 
animal feeding depends on its content of 
essential amino acids.f Of these, the most 
' W . G. S. Florence (1965)—South African Journal of Agricultural Science, vol. 8, pp. 661-672. 
t All proteins are built up from amino acids, different proteins containing characteristic but differing propor-
tions of the 20-odd known amino acids. Approximately half of these are termed "essential", because to 
varying degrees they cannot be manufactured in the body by chemical conversion of other amino acids, 
but must be obtained directly from food protein. Proteins from animal sources other than low-grade 
meat and bone meal normally contain essential amino acids in about the right balance for building up 
new animal protein, but most vegetable proteins are lacking to some degree in one or more of the essen-
tial amino acids. Their value for building animal protein is then limited In proportion to the amino 
acid or acids which are most severely lacking, unless these are supplemented from other sources. The 
part of the protein not built into new animal protein is not wasted, however, but serves as an energy 
source of approximately the same value as dietary carbohydrate. 
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Table 4.—Estimated limiting amino acid contents of lupin proteins 
together w i th comparable figures for other animal feedstuffs 
Species, etc. 
Amino acid as percentage of the crude protein 
Lysine Methionine -. . . J Cystine and I T , C y s t m e ! methionine Tryptophane 
F.A.O. standard 
L.luteus1 
L angustifolius1 
L. albus1 
Soybean3 
Peanut3 
Cottonseed3 
Linseed3 
Sunflower seed3 
Wheat3 
Barley3 
Oats3 
Rye3 
Maize3 
Sorghum3 
Fish meal3 .... 
Meat and bone meal (50% protein) 
4.2 2.2 
3.6 
4.1 
1.2 
1.8 
3.6 
1.2 
I.82 
1.7 
1.3 
2.2 
0.9 
1.7 
3.5 
2.6 
2.3 
1.7 
1.9 
2.6 
0.9 
0.9 
4.2 
4.1 
2.0 
2.82 
3.1 
2.4 
3.7 
2.6 
4.6 
4.7 
4.4 
1.4 
1.0 
1.3 
I.22 
1.2 
0.9 
1.6 
1.8 
1.4 
1.0 
1.4 
1.3 
1.2 
0.5 
1.3 
1.0 
0.7 
1
 Estimates based on recently published reports and unpublished data. 2
 Reported values for methionine, cystine, and tryptophane in L. albus vary widely. 3
 Calculated from the figures of W. Bolton (1967)—"Poultry Nutrition". (H.M.S.O. : London). 
limiting in practice are believed to be the 
sulphur-containing amino acids methio-
nine and cystine, together with lysine and 
in some cases tryptophane. Table 4 sets 
out the estimated proportions of these 
amino acids in lupin seed protein, com-
pared with those in some other common 
vegetable and animal proteins and the 
standard F.A.O. pattern for animal re-
quirements. (Requirements for fast-grow-
ing young animals may be slightly higher.) 
Lupin seeds are very low in methionine. 
In L. luteus, an extremely low methionine 
content is to some extent compensated for 
by a high cystine level.J Undoubtedly 
these are the amino acids primarily limit-
ing the quality of lupin seed proteins in 
the absence of methionine supplementa-
tion. Fortunately, supplementation with 
synthetic methionine can be done cheaply, 
and is now standard practice in commer-
cial non-ruminant rations. 
Lysine contents of lupin seed proteins 
are relatively good, with little apparent 
variation among lupin species. Recorded 
levels are somewhat inferior to that in 
soybean protein, but are higher than in 
most of the other common vegetable pro-
tein sources, especially peanuts. The fig-
ures suggest that lupin proteins should 
contain adequate lysine to complement 
temperate cereals (wheat, barley, oats, 
rye), but that some supplementation with 
richer sources or with synthetic lysine 
may be needed with low-lysine maize or 
sorghum as the base cereal in the diet. 
Tryptophane levels appear to be slightly 
below optimum, but comparable with those 
of other common feedstuff proteins. 
Feeding trials with lupin seed 
Most recorded feeding trials with sweet 
lupin seed are no longer fully relevant, 
because they were carried out before the 
advent of methionine supplementation. 
The results resembled those obtained with 
other legume seeds such as beans, peas, 
and peanuts, and were consistent with 
the supposition that methionine plus 
cystine levels were the primary factor 
limiting the dietary value of lupin seed 
protein. L. angustifolius was found gen-
erally inferior to L. luteus and L. albus, 
t Cystine can partly replace methionine. 
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L. angustifolius—small seeded, wild. 
L. angustifolius—commercial bitter. 
L. angustifolius—cv. Borre. 
L. luteus—bitter. 
Photographs 1 ^ x natural size 
which in turn approached, but did not quite 
equal, soybean protein. It was found that 
for most purposes, meal from the seeds of 
sweet L. luteus and sweet L. albus could 
replace up to half the traditional fish meal 
in European pig and poultry diets, with-
out loss of production or rate of weight 
gain, but that above this level the results 
were inferior. 
Results with ruminants, for which 
amino acid composition of the protein is 
less critical, have been uniformly satisfac-
tory. Good results have been reported 
from Germany in the intensive fattening 
of lambs and beef cattle. Unpublished 
experiments at the University of W.A. on 
feeding bitter sandplain lupin seed to 
sheep (R. J. Moir, personal communica-
tion) have consistently shown that wool 
growth equals that obtained when meat-
meal or linseed meal is fed, and is greater 
than when similar amounts of sub. clover 
or pea seed protein are eaten. So far no 
explanation for the difference has been 
found. 
No trials with husks obtained in the pre-
paration of lupin germ meal have been 
reported. But in view of the high digesti-
bility of lupin seed fibre to ruminants, 
and assuming some contamination with 
germ through incomplete separation in 
milling (see earlier section), the commer-
cial husk fraction should have a value for 
ruminants approximating that of cereal 
grain. 
In human diets, artificially de-bittered 
seed of L. albus has long been a staple in 
Mediteranean countries, while sweet L. 
luteus seed was widely used for human 
consumption in Germany during World 
War n . 
An important point is that at no time 
has any toxicity due to sweet or artificially 
de-bittered lupin seed ever been reported. 
The German worker Columbus, during the 
1930s, carried this aspect further by feed-
ing sweet lupin seed in varying propor-
tions of the diet to rats over four genera-
tions. With up to 60 per cent, lupin seed 
there was no ill effect on either growth 
or reproduction; in fact the rats throve 
better than on normal diet. However 
growth and reproduction were checked at 
80, and especially 100, per cent, lupin 
levels. More recently lupin seed has been 
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tested for the presence of haemagglutin-
ating and antitrypsin activity. Although 
not nearly comprehensive enough, the re-
sults so far have been negative. 
Feeding trials with non-ruminants, 
using sweet lupin seed adequately supple-
mented with methionine as the main con-
centrated protein source, have only re-
cently been undertaken. The results to 
date have been highly encouraging.* De-
spite the use of ground whole lupin seed 
with its relatively high fibre content, and 
possibly incomplete digestion of other 
carbohydrate fractions (see earlier sec-
tion), results have been obtained with 
broiler chickens at least equal to those 
with soybean meal, under both test and 
commercial conditions. 
Sweet lupin seed is now being used com-
mercially in Western Australia to replace 
imported soybean meal in poultry and 
other stock rations. 
Lupin alkaloid toxicity 
It must be stressed that the above dis-
cussion applies strictly to sweet lupins 
Dr. J- Hackbarth, of W. Germany, breeder of the yellow 
lupin variety Weiko 111 
L. albus—sweet. 
Photographs 1 *2 x natural size 
am greatly indebted to Mr. F. Bridgeman for valuable discussions on the conduct and results of feeding 
experiments with chickens, and to Diamond Foods Ltd., of Osborne Park and Wanneroo, Western Australia, 
for permission to refer to their unpublished results. 
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which are free from contamination with 
bitter varieties. Alkaloids present in bit-
ter lupin seeds not only render them 
highly unpalatable, but are to varying de-
grees toxic to the different classes of 
stock, causing a transient but occasionally 
fatal intoxication. Rats, rabbits, sheep 
and probably cattle will tolerate a moder-
ate proportion of bitter seeds, although 
consumption may be reduced. In dairy 
cattle there may be a danger of the alka-
loids tainting milk. Pigs, by contrast, will 
not tolerate more than a slight contam-
ination. The reaction of birds is not 
known. 
There is little doubt that any wide-
spread use of sweet lupin seed in stock 
rations will depend absolutely on the 
maintenance of high levels of varietal 
purity. 
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